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K eratolinin has been described as one of the precur-
sor pro tei.ns of cornified cell envelope of keratino-
cy tes . Using rabbit polyclonal anti-human keratoli-
nin antibody, we isolated a cDNA clone of human 
keratolinin gene from a human Agt11 cDNA expres-
sion library that was constructed by random priming 
frOIn. poly(A) + RNA extracted from cultured normal 
h uman keratinocytes. Screening by rabbit anti-ltu-
man keratolinin antibody detected one positive clone 
(lIKL- 1) . The recombinant 12. 5-kDa protein con-
st ructed from the clone reacted specifically with the 
anti- human keratolinin antibody. DNA sequence 
analysis revealed that HKL-1 clone was 448 bp long, 
and its putative amino acid sequence was identical 
with that of a human cysteine proteinase inhibitor, 
cystatin A. Western blot analysis showed that the 
cOIn.D1.ercially available recombinant cystatin A also 
reacted specifically with the anti-hulTIan keratolinin 
antibody. Northern blot analysis indicated that 
HKL-1 clone hybridizes with mRNA of about 0 .5 kb, 
T he cornifi ed ce lJ envelo pe (CE) is a highly insoluble stI .. ucture form ed .beneath d. 1e pl.asm 3 l~l e l.11bran)e of ke ratin ocytes dUring te rnunal dlffe renoaoon (I ola-kowska and Goldsmi th 1991; R e ichert et ai, 1993 ; Simon , 1994) . T he CE is a 15- 20 nm thick SO·uc ture 
that i s stabi li zed by cross-link fo rmation of variou s precurso r 
pro teins. N- (y- glutam yl) lysine isod ipeptide bonds and di sulfide 
bond s are the typica l cross-links and are catalyzed by transglutami-
nase (s ) (Polakowska and Goldsmith 1.991; R e ichert et aI, 1993; 
Simon, 1994) and sult11ydryi mridase (Yam ada et aI, 1987) , respec-
tively. 
S everal prote ins have been implicated as precursors of the CE; 
these include invo lucrin (Eckert ef aI, 1993) , loricrin (Yoneda e/ aI, 
1992) , cystine- rich pro tein (Tezuka and Takahashi , 1987) , e lafin 
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consistent with the size of the HKL-1 clone. T h e 
keratolinin mRNA was highly e xpressed i.n cultured 
human keratinocytes in high Ca2 + (1 mM); in low 
Ca2+ (0.05 mM), the keratolinin mRNA e xpression 
was significantly lower. Using SV40-transformed h u-
man keratinocytes (SVHK c ells), we further analy z e d 
the regulation of keratolinin mRNA. In low Ca2 + 
(0.05 mM), keratolinin mRNA in SVHK cells w as 
lTIarginally detectable. Upon shift t o 1 mM calcium , 
keratolinin mRNA was markedly increased . The up-
regulation ofkeratolinin mRNA was also observed b y 
the treatment ofSVHK cells with 10 ng TPA per ml or 
100 I-lM forskolin under low calcium conditions (0.05 
ITIM). Our results indicate that kera tolinin is identical 
with cystatin A, a cyste ine proteinase inhibitor, and 
its expression is positively regulated by Ca2 + , TPA, 
and forskolin . K ejl words: kerat i1IOCjlte!co,.."iji.ed cell elwe-
lope!transgilltam.inasell'sor;asis. J II/vest DermatoI108:843-
847, 1997 
(W indow et aI, 1990; Schalkwijk et aI, 1991 ) , and sm all prolin e- rich 
pro te ins (SPRs) (H ohl el aI, 1995; Kartasova et aI, 1996). In 
addition, kera tins, fi laggrin , and desllloplakin arc suggested to be 
in corpo rated in to CE (Ste ine rt and M arekov, 1995). Recent evi-
den ce sugges ts th at involucrin is an early compo nen t of CE 
formation and pro vides a sca ffo ld onto w hich several other CE 
precursor prote ins such as 100icrin are incorpo ra ted (S te ine rt, 1995; 
Steinert and Marekov. 1995; Ishida- Y 'l111am oto, 1997). 
Kerato linin is a 36- kDa cytosolic prote i.n initially described by 
one of the autho rs as a substra te fo r epiderm al transgluta111 inase 
(Buxman et al 1980; Lobitz and Buxm an 1982; Zetterg ren et aI, 
1984) . It has been pl11;6ed fi·om bovine sno ut epidem1is and fro m 
heat-separated human epidermis (Buxman el at 1980; Lobi tz and 
Bux m an 1982; Zette rgren et aI, 1984) . Antiserum to human 
kerato linin fa iled to cross-react with its bovine coun terpart and vice 
versa (Zettergren et aI, 1984). Immunohistoch emical an alyses using 
po lyclonal anti-ke ratoLinin antibody revealed a progressive chan ge 
in the intrace ll ular site of the protein from to tally cytoplasmic in the 
low er layers to primarily m embrane-associa ted in upper granular 
and stratum corneum laye rs, consisten t w ith th e notion th at 
keratoLinin is incorporated into CE dm;ng termin al differentiation 
(Lobitz and Buxm<ln , 1982) . By gel fi lo·a ti on . ke rato linin h as a 
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m o lecu lar mass of 36 kDa; by sodium dodecyl sulf.1.te-polyacryl-
amide gel e lectrophoresis, both human and bovine keratolinins 
were reduced to 6- kDa subunits (Zettergren et ai, 1984) . 
Despite th e fact that keratolinin h as been d escrib ed and partially 
characterized for some time, its precise n ature h as n ot been well 
documented. In the current study, we constructed a cDNA library 
of cultured normal human keratinocytes and isolated a cDNA clone 
th at W;lS identified b y anti-human keratolinin antibody described by 
us (Zettergren et ai, 1. 984) . DNA sequen ce analysis of the clone 
disclosed tha t the keratolinil1 is ide nti cal with cysteine proteinase 
inhibitor, cystatin A. U sing the keratolinin cDNA clone, we 
examined the regula tion of k eratolinin mRNA expression in nor-
mal and SV40-transformed human k eratinocytes. 
MATER.IALS AND METHODS 
Cell Culture Normal human keratinocytes were cultured in a defined 
keratinocyte growth medium containing tOng epidermal growth f.,ctor per 
ml, 5 p.g insuJjn per ml, 0.5 p.g hydrocortisone per ml , and 0.4% (vol/vol) 
bovine pituitary extract at 37°C in 5"1<, CO2 in air. SV40-transfomlCd human 
keratinocytes (Steinberg and Defendi, 1983) were a generous gift from Dr. 
M.L. Steinberg (Department of Chemistry, City College of the City 
Universiry of New York). Cos 7, a SV40-transfonn ed monkey kidney ce ll, 
was a genero us gift from Dr. G. Tate (Department of 2nd Pathology, 
Asah.ikawa Med.ical College, Asahik:lwa, Japan) . Fl~SK, a cultured ce ll line 
of fe tal rat keratiuocytes, A43t. a human epidermoid ca rcinoma cell Jjue, 
and kD, a human fibrob last cell line derived from lip tissue, were obtained 
from the JCRE, Cell Foundation fo r Promotion of Cancer R esearch 
(Osaka, J apan) . These cell lines were cultured in Dulbecco's modified 
Eagle's medium supplemented with '10% feta l bovine serum , 100 un its 
penicillin per ml, and 100 p.g streptomycin per ml at 37°C in 5% CO 2 in a.ir. 
Construction of Agt 11 Expression Library Normal human keratino-
cytes were cultured in a defined keratinocyte growth medium unti.1 
subconflu ent. The subconfluent nonna l human keratinocyte cells were 
incubated in the fresh keratinocyte growth medium, with the addi tion ofl .0 
mM calcium, for 3 more days. Following the treatment, normal human 
keratinocyte cells (5 X 107) were homogenized in 6 M guanidine thiocya-
nate solu tion, and total RNA was extracted by cecium guanidine method 
(Man.iatis el ai, 1989). Poly(A) + RNA was purified on an oligo-(dT}-
cellulose column. cDNA was synthesized by using a cDNA synthesis kit 
(Boehringer Mannha.im, PeIlzberg, Germany) accord ing to the manufac-
ture's method. The cON A was fractionated by Sepharose CL-4B (Pharma-
cia, . Uppsala, Sweden) column chromatography. Intemal EcoR.! sites were 
methylated by using EcoR.! methylase and S-adenosyl methionine (Promega, 
Madison WI) . EcoR] linkers (GGAATTCC) (Promega, Madison WI) were 
Jjgated to the ends of cDNA with T4 DNA ligase (Promega, Madison WI). 
After digestion with EwR.I (Promega, Madison, WI), cDNA were fraction-
ated by Sepharose CL-4B column to remove the linker molecules and 
liga ted into the EcoR.! site of Agt 11 DNA (Stratagene, San Diego, CAl. 
Packaging of the ligated DNA was done with Gigapack Gold (S tratagene, 
San Diego, CAl · 
lmmunoscreening Screening of 3 X 10' clones expressing the fusion 
protein to isolate human keratolinin protein was performed using a pico 
Blue Immunoscreening kit with goat-anti-rabbit conjugate according to the 
manufacture's method (Stratagene) (Amagai el ai, 1990). The nature o f the 
anti-human keratolinin antibody to detect the specifIC clone was described 
previously (Zettergrcn et ai, 1984) . 
In Vitro Transcription and Translation Human keratolinin clone 
(HKL-t) was digested with EooR.! from recombinant Agt 11 DNA and 
Jjgated to EcoR.!-digested pGEM 3Zf (+ ) vector (KL-pGEM). KL-pGEM 
vector was Jjnearized with BamHI. T he linear vector was transcribed with 
T7 RNA polymerase, and 1 p.g of the RNA transcription p roduct was 
translated with rabbi t reticulocyte lysate ill the presence of [0'- " S]methi-
onine (10 mCi per ml). T he translation products were subjected to 
electrophoresis on a 15% sodium dodecyl sulfate-polyacrylamide gel elec-
trophores is gel, dried, and autorad.iographed overnight. 
Western Blotting Normal human keratiuocyte cells were cultured in 
high Ca2 + (l.0 mM) for 3 d, and the cell lysate was extracted as prev'io usly 
described (Zettergrcn et ai, 1984). The translation products, cytoplasmic 
extracts of normal human keratinocyte ceHs, ,md the commerciall y ava il able 
recombinant human cystatin A (Takara , Otsu, J apan) were electrophoresed 
on a 15% sodium dodecyl sulfate-polyacrylamide ge l electrophoresis ge l and 
electroblotted onto nitrocellurose in a buffer containing 25 mM Tris(hy-
droxymethyl}aminomethane-HCI (pH 8.3) , 192 mM glycinc , and 20% 
methanol. T he blots were blocked wi th 5'10, nonfa t milk in Tris(hydroxy-
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methyl}aminomethane-buffered saJjne (TBS, pH 7.6) for 1 h at rOOm 
tempera ture and then incubated at 37°C for 1 h with anti-human keratolinin 
antibody diluted SOD-fold in TBS . Mtcr washing at roOIll temperature with 
0.1% Tween-20 in TES. blottin g detection kit fo r rabbit antibody (Amer-
sham International , Little Chalfont, U .K.) was used for immunodetcction. 
DNA Sequencing KL-pGEM vector was dcnatured to single-stranded 
DNA with 0.2 M sodium hydroxide. T he single-stranded DNA was 
sequenced by the didem,J' chain termination mcthod using T7 or SP6 
promoter sequencing primers (Sanger et ai, 1977). 
Northern Blot Analyses Total RNA was extracted by the cesium 
guanidine method (Maniatis cl al. 1989). Total RNA (20-40 p.g) was 
c1ectophoresed in t % agarose-fonnaldehyde gcls and transferred to nylon 
filters . KL and human {3-actin cDNAs were labeled with [(~_32 P]dCTP 
(3000Ci per ml) by nmdom primer method. Hybridiza tion was performed as 
described previously (Takahashi and l.izuka, 1993). Human f3-actin cDNA 
was a genero us gift from Dr. F. Gunning (Stanford University School of 
Medicinc and Veterans Administration Medica l Center, Stanford. CAl. 
Materials Normal human keratinocyte cell s and keratinocyte growth 
l11ediul11 containing epidcflnnJ g ro w th filctor, insu lin , and bovine pituitary 
extract were purchased from C lonetics (San Diego, CAl. Dulbecco's 
modified Eagle's medium was purchased /Tom GIBCO (Grand Island, NY). 
Penicillin and streptomycin were obtained fro m M. A. Byproducts (Walk-
ersville, MD) . O ligo-(dT}-ce liulosc was purchased from Collaborative 
R esearch (Bedford, MA) . pGEM 3Zf(+ } vector, T7 RNA polymerase, and 
iI/ "itfo rahbit reticulocyte lysate system were purchased from Promega. 
[0'_32P]dCTP (3,000 Ci per ml), [O'- JSS]methion.ine (10 mCi per ml) , and 
[a -J5S]dcoxycytidine thiotriphosphate (1,000 Ci per 1111) were purchased 
from Amersham (Tokyo, Japan) . All other chcmicals were obtained from 
Nakarai Chemicals Ltd. (Kyoto, J "p"n). 
RESULTS 
Isolation of HKL-1 Clone from Agt 11 Library The cDNA 
expression library was con struc ted from po ly (A) + RNA extracted 
fro m 1.0 111M Ca2 + -treated normal human keratinocyte ce lls using 
Ag t 11 vector. I Upon the first screening of 3 X 105 clones, seven 
candidate clones were iso lated by u sing rabbit antiserum against 
human keratolinin. After repeated isolation and screening o f these 
clones, we obtained one clone (HKL-l) , which specifically reacted 
with the anti-human ke ratolinin antibody (data not shown) . T he 
fu sion protein was not stained by the contro l rabbit serum (data not 
shown). 
Recombinant Protein from HKL-1 Clone Specifically Re-
acted with Anti-Human Keratolinil1 Antibody The anti-
human ke ratolinin antibody reacted against 14.5 kDa cytosolic 
p ro te in of normal human keratinocyte cells (Fig 1, lalle 4). In order 
to determine th e sp ecifi city of the putative keratolinin gen e, we 
synthes ized the recombinant protein d erive d from HKL-l clone 
using an ;/1 "itm reticu locyte lysate translation system. The product 
showed a molecular m ass of 12.5 kDa (Fig 1, la lle 1) and 
specifi cally reacted with anti-human keratolinin antibody (Fig 1, 
lalle 2). T he larger molecu lar mass (14.5 kDa) of keratolinin in 
notmal human keratinocyte ce lls might indicate post-tran slati.onal 
m odification. T he same amount of the recombinant protein did not 
react with the con trol rabbit serum (data not shown). Tn addition, 
re ticulocyte lysate a lone did not react w ith anti -huma n keratolinin 
antibody (data n ot sh own) . 
Keratolinin Is Identical to Cystatin A The sequence study 
revealed th at the HKL- l clone was 448 bp long and contained 
seven ATG (methionine) codons. T h e longest 297-bp putative 
open reading frame shared 98 .5% DNA seque n ce homology and 
100% amino acid seque n ce h omology with the human cyste ine 
protein ase inhibitor, cys ta tin A, w hich was ava ilable from dle 
GenBank database. Consistent with th e idea that kerato linin is 
identical to cystatin A, westem b lot an alysis indicated th at the 
commerciaUy available recombinan t cystatin A specifically reacted 
with the anti -human ke rato linin antibody (Fig 1, laue 3) . 
I Passavant CW, Coulter SN , Wuepper KD: T he identification of cDNA 
clones coding fo r a protein which reacts with anti-kerato lin'u. J b/llesi 
Del'll/alol 92:497, 1989 (abstr). 
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Figure 1. I111l1lunoblot analyses of recombinant protein fr0111 
HKL-l clone and cystatin A. HKl..-l RNA was synthesized by T7 RNA 
polYln e rase. RNA (1 p.g) was trans lated using rabbi t reticulocyte lysa te in 
the presence of [a-J5S]methionine. Five microliters of the translation 
product and the commercially ava ilable recombinant cystatin A (5 p.g) were 
electrophoresed on a 1 S'X, sodiulll dodecyl sul fate-polyacrylamide gel 
electrophoresis gel. autoradiographed or transferred to the nitrocellulose 
filters, and stained w ith nnti-lulInnn kcratolinin antibody. Laue 1, auto ra-
diography of I-IKl..-1 translation product; Itl lle 2, iml11unoblot of HKL-l 
rransl ation product; Irl lle 3. im n1l1lloblot of recotllhinant cystatin A : laue 4. 
jmn,unoblot of cytosolic extract of normal human keratinocyte cells. 
Expression ofKeratolinin mRNA in Keratinocytes [n order 
to see the expression ofkeratolinin mRNA in 11lUl,an kera tin ocytes, 
we isolated total RNA fr0111 normal human epidermis, fr0111 nom,al 
hUlTIan keratinocyte cells cultured in high (1.0 mM) or low (0.05 
mM) Ca2 + and from various cultured cell lines. T he keratolinin 
mRNA was shown to be approximately 0.5 kb long and was 
detected in nonmll human epidermis (Fig 2, laue 3) and in normal 
human keratinocyte ceUs in high Ca2+ (Fig 2, laue 2). [n low Ca2 + 
the keratolinin mRNA expression was significa ntly less than that in 
high Ca2 + (Fig 2, laue 1). The keratolinin ml~As were also 
detected in I~A from A431 (Fig 2, lalle 4) and SV40-transformed 
human keratinocytes (SVHK cells) (Fig 2, laue 5), but no t from 
FRSK cells (a fetal rat skin keratinocyte ce ll line) (Fig 2, laue 6), 
kD celJs (a human fibroblast ceUtine) (Fig 2, laue 7), or from Cos7 
celJs (a SV40-transformed monkey kidney cell line) (Fig 2, laue 8). 
Stixnulation of Keratolinin ",RNA Expression by Ca2 +, 
12-0-tetradecanoyl-phorbol-13-acetate (TPA), and Forsko-
lin in SVHK Cells SVHK ceUs in low Ca2 + (0 .05 mM) ex-
pressed only a marginal amount of keratolinin mRNA. Following 
the incubation with Ca2 + (1.0 mM) , TPA (10 n g per ml) , or 
fo rskoJin (100 /-LM), the expression of the kerato linin ml~A was 
marke dly increased. T h.is was observed by 12 h fo llowing the Ca2 + 
O.5kb-
2345678 
Figure 2. Northern blot analyses of the keratolinin mRNA in 
nor:a:nal human epidermis altd ill various cultured cells. Epidermis 
was separated fro m dermis fo llowing dispase treatment (1.000 units per ml) . 
Normal human keratinocyte cells wefe cultured in low (0.05 111M) Ca2 + . 
SubconAucnt norlTla l hUl1'lan ke ratinocyte cells we re cul tured in the 1 .0 111M 
Ca2 + fOf an additional 3 d. Other cells were cul tured in Dulbecco's 
modified Eagle's medium (1 .8 111M Co2+)-supplemented 10% fetal bovine 
serun>. Total RN A (20 p.g) were loaded on each lane and probed with 
HKL- l. Lallc 1. normal human keratinocytes (0 .05 mM Ca2 +); lalle 2, 
normal human keratinocytes (1.0 111M Ca2+); lalle 3. epidermis (dispase-
treated); lall" 4. A431; lallc 5. SYHK; lalle 6. FRSK; lalle 7. kDa; ItIIl e 8. Cos 
7. 
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treatm ent and pers isted up to 48 h (Fig 3A) . O n the other hand, the 
increased kerato linin mRN A was detected by 3 h foUowing the 
T PA or forsko lin treatment and persisted up to 12 h (Fig 3B,C). 
SVHK ceUs treated with tllese chemicals did not show a significant 
alternation of the j3-actin mRNA (Fig 3A-C). Westem blot 
an alyses also confirmed the increased kerntolinin protein by these 
treatments (data not shown) . 
DISCUSS]ON 
Keratolinin has been isolated by on e of the authors (K.D.W.) as a 
36- kDa soluble substra te of epidermal transglutaminase (Zetter-
gren et ti l, 1984). Sequence an alysis of the keratolinin gen e detected 
by using anti-human kerato lin in antibody, however, disclosed th at 
it was identica l with the cysteine proteinase inhibitor, cysta tin A. 
Kartasova et al also isolated a cystatin A clone from ul travio let 
light-treated human keratinocyte cDNA library (Kartasova e( al. 
1987). 
While keratolinin was dissociated into 6-kDa subuni ts by chao-
tropic agents or detergents (Ze ttergren et ai, 1984), the expected 
molecular mass deduced fi'om the gen e was around 12 kDa . 
W estern blot analysis confirmed that the anti-human keratolin ill 
antibody reacted with a 14.5-kDa an tigen , suggesting that the 
previously purified 6- kDa keratolinin subunit was a partiaJly d e-
graded product of cystatin A. 
Our resu lts are consistent with previous reports by Tak'lhashi et 
III (1992, 1994a, 1996) w ho showed that ystatin A is a good 
substrate for epidermal transglutaminase and is i.ncorporated into 
CEo They also reported that phosphorylated cystatin A ca talyzed by 
protein kin ase C is effectively incorporated in to th e CE, possibly as 
a complex with filaggrin linker segment peptide (Takah ashi ct ai , 
1994a, 1996). 
Cystatin A has been purified from human epidermis (Takeda ct ai, 
1.989) , human hair shaft (Tsushim3 e ( ai, 1992), and n ail (Tsushima , 
1993) . It has also been de tected in oth er tissues such as liver , spleen, 
and le ukocytes. Epidemlal (and hair shaft) cystatin A is iden tical to 
those from other tissues except for the lack of the NH2-termin al 
m ethionine residue (Takeda cl ai, 1989; Tsushima el ai, 1992) . 
Although this apparently has n o effect on its proteinase-inhibitory 
activity, recen t evidence indicates that the deletion of several amino 
ternlinal residues of cystatin A results in the comple te loss of 
proteinase-inhibitory activity (Shibuya ct ai, 1995) . T his su ggests 
that cystatin A, w hich is by itself 'I very stable prote in , might be 
functionally under dynamic contro l by amino endopeptidase(s). 
Northern blot analysis revealed that human keratinocytes cell 
lines (SVHK and A43 1 cells) expressed cystarin A mRN A (Fig 2). 
N either kD cells, a human fibroblast cell line, n or Cos 7 ceUs, a 
SV 40- transformed monkey kidney cell s, expressed cystatin A 
mRN A. Al though FRSK ceUs, a feta l rat skin keratinocyte cell line, 
did not express the cystatin A ml~A , this m ay be due to the 
species difference ofkeratolinin /cystatin A (Zettergren ct ai, 1984). 
Sequen ce h om ology between human (genEMBL: X05978) and 
mouse (genEMBL: W12342) cystatin A, fo r example, is only 
around 70°/." hampering the assessm ent of the expression of kera-
tolinin mRNA in cell lines derived from tissues of mammals other 
than human . Alte rn atively, it may be a differentiation- related 
ph cnom enon, because FR SK cells margin ally keratinize in our 
culture conditions. 
T he expression of cystatin A [as well as human kerato linin 
(Zettergren ct ai, 1984)] h as been de tected in the supraba sal spinous 
laye rs of the epidermis, suggesting its expression to be di.fferentia-
tion-associated . Cons.istent w ith this [but in contrast to the situation 
in mice (Hawley-Nelson ct ai, 1988)], the expression of cystatin A 
was markedly induced by TPA, a class ical protein kinase C 
activator, and by Ca2 + , both of w hich arc potent inducers of 
epidermal differcntiation (Dlu gosz and Y uspa , 1993). ]t is interest-
ing to note that the expression of other CE precursor protein s such 
as in volucrin (Takahashi and lizuka. ·1993), SPR (An et aI, 1993), 
and e la fi n (Zang ct ai , 1995), loricrin (Hohl ct ai, 1992), as welJ as 
transglutatninase (Ya mall ishi et ai, 1992; Gibson et ai, 1996), are 
upregulated by TPA and Cn" , suggesting a common or closely 
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Figure 3. Stimulation ofkeratolinin mRNA expression ofSVHK cells by Ca2+, TPA, and forskolill. SVHK cells were incubated in low CaO+ 
(0.05 111M). Cell s wcrc then treated with (A) Ca2+ (1.0 111M) ; (B) TPA (lOng per 1111) ; or (C) forskolin (100 J.LM) for the indicated time. J3-Actin mRNA 
was used as controL Total RNA (20 J.Lg) was loaded 011 each lane. 
re lated controlling m echanism(s) for the expression of these gel~es . 
N ota bly, AP-1 binding site(s) or T PA response element(s) h ave 
been de tected in most of these genes (Hoh..l el nl, 1992; Yamanishi 
el ai , 1992; An el aI, 1993; T akahashi and Iizuka, 1993; DiSepio el 
aI, 1995; Welter el ai, 1995; Zang et al, 1995) . Without the genomic 
clo ne , however, n o data are avail able regarding the precise m ech-
anism of cystatin A gene expression in keratinocytes . 
T he expression of cys tatin A mRNA was also induced by cAMP 
elevatin g agen t, forsko lin. Similar stimulation of gene expression 
has been detected in spr 1 gene , w hich contains a putative cAMP 
response e lem ent on the upstream promoter region (Zang e/ aI, 
1995) . T he signifi cance o f the finding remains unknown; immu-
nohistochemical analyses revealed that cystatin A Oarvinen et aI, 
1987) and spr (Hoh..l et ai, 1995; Kartasova et al, 1996) are higbly 
e}..rpressed in psoriatic hyper-proliferative epidermis, where a d t;fec-
tive cAMP response bas been documented (Iizuka et al, 1981). It is 
inte restin g to note, however, that protein kinase C activation has 
long been suggested ill psoriatic epide rmis (lizuka and Takahashi 
1993; Rasmussen and Celis, 1993 ). 
O ur reSlllts indica te tha t keratolinin, a puta tive substra te of 
epiderm al transglu tamin3se, is ac tu ally a cystein e protei.nase inhib-
ito r, cystatin A. Also, the expression of cysta tin A, which is a 
dif(e rentiation m arker of keratinocytes, is under the control of 
vario us transmembrane signaling system s. Because cystatin A pro-
vides numero us biologic fun ctions for keratinocytes, acting as an 
intracellular proteinase inhibitor (Barrett, 198 7), bac teriostatic bar-
rie r (Takahash.i e( aI, 1994b), CE precursor (Takahashi el aI, 1996) , 
and possibly as an inhibitor of keratinocyte proliferation, 2 th e 
regulatory m echanism(s) o f cysta tin A gene expression m ay have 
p rofo und signifi cance fo r keratinocyte bio logy. 
T his stlldy //Ins s lIpported ill. part by C rallts 06454312 (1-1..1.), 08457233 (H. I.), 
07770636 (T. /-J.), alit! 08770618 (TH.) jrOI/l the M illisl'), '!F E dllcatioll , Sciell ee 
and C "l'"re oJj"pall,jim ll Lydia Q'Lemy Mel/lorial PO lladatioll ill 1994, IlIIdjr" ," 
' he Mill islr), '!f I-Ieal'h ,,/111 I'Velj" re, j apall. T lw tec/mienl assiSI.all Cl: of Mrs. M. 
BalM, M rs. K. KOlaJli, 0/11/ Mrs. K Tak" hashi, a/ll/lhe secrelarial assislallce aJMiss 
Y. Maeka/ll" are g reall)' apprecialed 
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